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Abstract 
This paper is devoted to the problem of planning and control of the labor intensity of manufacturing aircraft gas-turbine engines 
(GTE) at the early stages of design. The paper deals with an original approach to the definition of the complexity of the gas-
turbine engines manufacturing, which is a multivariate and streamlined procedure based on a model for phased complexity 
calculation. The suggested system of planning and control of labor intensity is different from the known methods: this system 
uses engine components as a whole, or individual constituent parts and assembly units (PAU) generated at various stages of 
engineering design and technological characteristics of the estimated object. Unlike other approaches, the suggested model is to 
develop the planning and control of the labor intensity of manufacturing procedures of GTE at the early stages of design; it 
ensures the achievement of the competitive labor intensity in the course engine manufacturing. The difference also lies in the use 
of two-factor ABC-analysis of assemblies and PAU of engine on labor intensity and materials consumption that allows 
identifying key components and PAU of engine and significantly reducing the work on estimation of the labor intensity of 
designed GTE. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
In today's highly competitive world production, domestic manufacturers of aircraft engines should to solve the 
problem of creating a new generation of engines, leading to competitive advantages of foreign counterparts in 
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technology development and in the effective management of expenses. One of the main problems of aircraft engine 
is the high costs at all stages of design and production. Reducing costs and improving competitiveness essentially 
begin with  accurate  and efficient estimate of resource for the manufacture of products, including labor and material 
costs [1-7]. 
The problem of planning and control the labor intensity of manufacturing parts and gas turbine engine generally 
considered in [8-11] and many others. However, the use of known methods of the labor intensity estimation [12] in 
the early stages of the design is problematic, since they do not allow us to predict with the required accuracy the 
labor intensity in the absence of developed PAU manufacturing processes. In these conditions simpler, but less 
accurate coarse methods of determining the labor intensity is applied; these methods allow to determine the labor 
intensity of the product on the basis of design documentation. 
Methods of the coarse estimating the labor intensity [13] in the early stages of the design used in the practice of 
modern engineering technologies are characterized by varying accuracy and complexity. Therefore, it seems urgent 
the solution of the problem of developing a method of choice model, adequate to degree of design and technological 
study of estimated object. Estimation of the labor intensity of the manufacture of engine components as a whole and 
its constituent PAU essentially depends on the amount of available raw data and engineering and technical 
characteristics; this estimation is used differently in different methods. In addition, since the problem of the planning 
labor intensity is essential to achieve the competitiveness of engine, the developing a model of planning and control 
of the estimated labor intensity of the engine, which ensures a competitive cost of the engine, is important. 
2. Development planning and management labor intensive 
The suggested system of planning and control of the labor intensity of manufacturing designed GTE is a set of 
methods, which is multivariate and ordered in relation to the volume of available raw data and engineering and 
technological characteristics estimated object. The developed model for estimating the labor intensity of the 
manufacturing engine components as a whole and individual components of engine's PAU provides achieving 
competitive labor intensity of engine manufacturing through a multi-stage correction of labor intensity in the 
estimation stages. 
The system of planning and control of the labor intensity of manufacturing the designed GTE is based on a 
consistent decomposition of engine components and assemblies to their constituent parts. 
In practical terms, the purpose of estimating the labor intensity can be divided into two levels (Fig. 1): 
x estimating the labor intensity of manufacturing components; 
x estimating the labor intensity of manufacturing parts. 
The achievement of the directive (competitive) labor intensity of engine is the criterion  of validity calculations 
on the first stage. Directive labor intensity of engine is the labor intensity, which provides a competitive cost of 
production of the new engine [14 -17]. On the second stage, the criterion for the calculating validity of labor 
intensity of key assemblies parts is the achievement of the competitive labor intensity of assemblies formed on the 
first stage. 
The novelty of the suggested model is determined by using the ABC-analysis  as the component of the system of 
planning the labor intensity. 
In order to reduce the works on the calculation of the labor intensity of designed GTE, a preliminary 
identification of key assembles of the designed engine is carried out; it is based on two-factor ABC analysis of 
analogue engine components for material and labor costs. The assemblies are ranked by the value of labor intensity 
and material consumption (it depends on the size of their share in the total value). According to the principles of 
Pareto optimality, the  group A includes the most important assemblies that have the greatest weight and add up to 
about 80% of the costs of all considered units [18 - 20].. The group B includes moderate significance units, with an 
average contribution to the overall result  (15% of the costs).  The group C includes units with a small contribution 
to the overall result (5% of the costs). 
Analysis of the design and technological solutions implemented in key units, is carried out to identify new design 
elements incorporated in a product which will determine restrictions on the methods of estimating the labor intensity. 
In order to focus on the most important (in terms of the labor intensity) PAU of engine and reduce the works on 
the calculation of the labor intensity of designed engines, a preliminary identification of key PAU is carried out by 
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univariate ABC-analysis only on labor costs. PAU are ranked by labor intensity (depending on the size of their share 
in the total value). The group A includes the most important details that have the greatest weight and constituting 
80% of the labor costs of all considered PAU. The group B includes PAU of moderate significance, with an average 
contribution to the overall result, representing 15% of costs of all considered PAU. 
 
 
Fig. 1 System of planning the labor intensity of manufacturing the designed GTE 
Grouping parts by grade of design and technological complexity used in the planning and control system is based 
on the analysis of the level of novelty of designed PAU; this grouping is implemented for identifying the class of 
design and technological complexity: off-the-shelf PAU; original PAU; modified PAU. The off-the-shelf PAU are 
the parts with assimilated standard design without any changes; the original PAU are the parts, which design is 
completely different from the already developed; the modified PAU are the parts relating to the same type as the 
analogue parts of the engine and having a minor change in the design. Class of design and technological complexity 
is the basis for the choice of model and corresponding method for estimating the labor intensity of GTE parts in the 
early stages of design. The suggested approach involves the use of three models of labor intensity estimation 
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depending on the class of design and technological complexity and the required accuracy of GTE parts estimation 
(Fig. 2). 
 
Fig. 2. - Models of the complexity of assessment 
The use of models in system of the control  of planning the labor intensity allows to create the design schemes 
based on  indicators, essentially significant in the early stages of design GTE (design and technological features, the 
labor intensity, the material consumption, the competitiveness and others). 
Therefore, it becomes possible to control of the selection and use of known methods for estimating  the labor 
intensity by their accuracy characteristics and available information. The suggested control system uses the methods 
of calculating the labor intensity, the use of which is determined by the properties of the methods and by matching 
to features of the estimated object. Such approach with the using the models of estimating the labor intensity of parts 
allows to improve the accuracy and reliability of the estimating the labor intensity of parts. 
Based on the calculated values of the labor intensity of key PAU, the total labor intensity is calculated for each 
key component. The obtained total labor intensity of the engine value is compared with competitive labor intensity 
for each component. If they don't match, the correction of the labor intensity of key PAU is carried out. Values of 
the labor intensity of the components, the level of workability of which (in terms of the labor intensity) is 
significantly inferior to analogue, is reduced. 
3. Applicability
Implementation the system of planning and control of the labor intensity in the development of competitive on 
the labor intensity GTE allows to claim that the spread of the accuracy of estimates of establishing the level of costs 
is between 15% and 120% compared to traditional design schemes. These data were obtained by testing the 
developed models in the design stages of a new generation of engines.
Developed approach has been tested in the calculations of labor intensity of PAU of designed engine on the stage 
of conceptual and technical design. It has been shown that the use of the suggested models and algorithms allows to 
achieve the directive labor intensity of engine manufacturing, thereby increasing the competitiveness of engine in 
world markets. In addition, the use of the suggested approach can improve the accuracy of calculations and 
significantly reduce the time and works on the labor intensity estimation. 
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4. The novelty of the suggested approach 
The novelty of the suggested approach is to develop the system of planning and control of the labor intensity of 
manufacturing the GTE in the early stages of design. The concept of constructing the models and the calculations 
algorithm underlying the system design differs from known approaches principled consistency of existing methods, 
targets and design and technological features of designed objects. This approach provides the calculation of labor 
intensity, ensuring the achievement of competitive cost of manufacturing the new engine.
In addition, the novelty of the suggested approach is in the preliminary  identification of the key components on 
the basis of two-factor ABC-analysis and key PAU on the basis of univariate ABC - analysis. The feature of using 
the method of ABC-analysis is that as technological parameters indicators (labor intensity and material 
consumption) are used; it allows to minimize the works and time. 
5. Summary 
In this work we solved an urgent task of development  the model of planning and control of the achievement of 
estimated labor intensity of the engine, which provides the competitive cost of engine. It is shown that more 
effective use of the coarse methods for estimating the labor intensity of manufacturing parts on the basis of the 
developed system of planning and control of the labor intensity improves the accuracy of calculations and achieve a 
competitive cost of the engine.
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